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INTERDIFFUSION RESISTANT FE—NI ALLOYS
HAVING IMPROVED GLASS SEALING

The present invention relates to iron-nickel alloys
having particular utility in electronic and electrical
applications. The iron-nickel alloys contain nitrogen
and at least one element selected from the group con-
sisting of molybdenum and aluminum.

Iron-nickel alloys and iron-nickel-molybdenum al-
loys -in particular are well known magnetic alloys.
These alloys are characterized by such desirable mag-
netic properties as high initial permeability, high resis-
tivity, good consistency of permeability, and good mag-
netic stability. U.S. Pat. Nos. 1,757,178 to Elmer,
2,407,234 to Guthrie et al., 2,891,883 to Howe, 3,024,142
to Parkin, 4,082,580 to Pfeifer et al., and 4,536,229 to Jin
et al. illustrate some of these iron-nickel and iron-nickel-
molybdenum magnetic alloys.

Iron alloys including iron-nickel alloys have also
found use in electronic applications. For example, lead
frames in CERDIPs and pins in TO cans have been
fabricated from iron-nickel alloys. The use of these
alloys, however, has not been without serious problems.
In semiconductor devices, the iron-nickel alloy lead
frame is typically joined to an integrated circuit chip by
a number of aluminum and/or aluminum alloy lead
wires. The junctions between the iron alloy lead frame
and the aluminum lead wires are typically sites where
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brittle intermetallic compounds are formed as a result of 30
the strong tendency for interdiffusion between iron and

aluminum upon exposure to heat, such as the thermal
treatment(s) associated with packaging the semiconduc-
tor device. |

This intermetallics problem is generally dealt with by
forming a thin aluminum stripe on one or more surfaces
of the iron alloy lead frame. The aluminum stripe may
be a thin coating applied to the surface or an inlay. In

some cases, the stripe comprises a coating over an entire

lead frame surface. The lead wires are then bonded to

the aluminum stripe so that an aluminum/aluminum
couple is formed. U.S. Pat. No. 3,559,285 to Kauffman

35

illystrates an iron alloy lead frame material having an

inlaid aluminum stripe.

Another problem associated with the use of iron
alloys as lead frame materials has to do with glass seal-
ing. Many semiconductor integrated circuit chips are
packaged in a ceramic package known as a CERDIP.
To provide a hermetic package structure, the lead
frame is bonded to one or more layers of a ceramic
material by a sealing glass material such as those having
a lead oxide base. Iron alloys such as Fe-42Ni do not
bond well to sealing glass materials. Again, an alumi-
num stripe on or in the lead frame material is used to
overcome this bonding problem since aluminum typi-
cally bonds well to sealing glasses.

Manufacturers of semiconductor devices and/or
packages have expressed a desire for iron alloys that can
be used as lead frame materials without having to coat
or stripe the lead frames. By avoiding coating and/or
striping of the lead frame, the manufacturing costs can
be reduced. Desirable alloys are those characterized by
improved resistance to intermetallic compound forma-
tion and improved bonding ability to sealing glass mate-
rials.

Accordingly, it is an object of the present invention
to provide an iron-nickel alloy having improved resis-
tance to intermetallic compound formation.
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It is a further object of the present invention to pro-
vide an alloy as above having improved glass adhesion
properties.

It 1s a further object of the present invention to pro-
vide an alloy as above having improved wirebonding
characteristics.

It is a further object of the present invention to pro-
vide iron-nickel alloys as above suitable for use as lead
frame materials in semiconductor devices.

These and other objects and advantages will become
more apparent from the following description and
drawings wherein like reference numerals depict like
elements. |

The present invention achieves the aforementioned
objects by making additions of nitrogen and at least one
element selected from the group consisting of molybde-
num and aluminum to iron-nickel alloys. The addition
of nitrogen and molybdenum with or without aluminum
to iron-nickel alloys has been found to improve the
resistance of the alloys to the formation of intermetallic
compounds, particularly during the heat treatments
associated with typical semiconductor manufacturing
and/or packaging techniques. Further, alloys contain-
ing these additions have been found to have improved
bond adhesive with glass sealing materials and to be
readily bondable to aluminum or aluminum alloy lead
wires using standard commercial ultrasonic bonding
techniques. |

Alloys in accordance with the present invention con-
tain from about 30% to about 60% nickel, from about
0.001% to about 0.15% nitrogen, at least one element
selected from the group consisting of about 1% to about
10% molybdenum and from about 0.001% to about 2%
aluminum, and the balance essentially iron. The alloys
are characterized by having a single phase and a face
centered cubic metallurgical structure. The alloys also
preferably have an iron:nickel ratio in the range of
about 1.1:1 to about 1.6:1. Preferred alloys contain from
about 39% to about 55% nickel, from about 0.005% to
about 0.05% nitrogen, at least one element selected
from the group consisting of about 1% to about 4%
molybdenum and about 0.3% to about 1.05 aluminum,
and the balance essentially iron.

The Figure is a cross sectional view of a semiconduc-
tor package. |

The present invention relates to iron-nickel alloys
having improved resistance to intermetallic compound
formation and/or improved adhesion to glass sealing
materials. These alloys have particular utility in electri-
cal and electronic applications. For example, the alloys
may be used for lead frames or similar component sin
semiconductor packages. Alternatively, they can be
used for pins in TO cans, glass-to-metal power feed
throughs or other similar applications.

Referring now to the Figure, a typical semiconductor
package 10 is illustrated. The package 10 comprises a
ceramic base 12, a first glass layer 16 and a number of
leads 18 from a lead frame bonded to the ceramic base -
12 by the glass layer 16. A semiconductor device 20 is
mounted to the base 12 by either a die attache pad or a
layer of gold containing material 14. The gold contain-
ing material is used in many modern packages to permit
formation of a gold-silicon eutectic bond between the
layer 14 and the chip 20. The gold containing layer 14
may comprise either a gold plating or a gold paste fired
to the ceramic base 12. The device 20 is connected to
the leads 18 by a number of lead wires 22. Generally,
the lead wires are formed from aluminum or an alumi-
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num alloy such as Al—18i. A second glass layer 24 1s
positioned over the leads 18 of the lead frame assembly.
To complete the package, a cover 26 formed from a
ceramic or metallic material is placed over the glass
layer 24.

In some packages, the glass layer 24 and the cover 26
each have a central aperture or window to permit the
device 20 to be bonded to the pad or layer 14 and the
wire connections to be made after the glass layer 24
and/or the cover 26 have been fused to the glass layer
16. A cap not shown is provided to close the window
after the device has been positioned on the pad and the
wire connections are made. The cap may be formed
from a ceramic material, a metallic material such as gold
plated Kovar, or a glass material. |

To fabricate the semiconductor package illustrated in
the Figure, the die attach pad or gold containing layer
14 is first bonded to or plated onto the ceramic base 12.
The glass layer 16 is then screen printed on the ceramic
base and air fired, leaving an aperture or window 23 for
connecting the semiconductor device 20 to the pad or
layer 14. The lead frame with the leads 18 is then posi-
tioned on the glass layer 16 and fused into placed. Pref-
erably, the second glass layer 24 is joined to the cover
26 before being fused to the layer 16. Thereafter, the
glass layer 24 is fused to the glass layer 16 to form a
hermetic package structure. Prior to this, however, the
device 20 is attached to the pad or layer 14 and the wire
interconnections are made between the device 20 and
the leads 18. Typically, the wire interconnects are made
using either a thermocompression, ultrasonic or ther-
mosonic bonder in an ambient atmosphere. This wire
bonding operation often results in surface oxides being
formed on the leads 18.

Typical ceramic materials used in packaging inte-
grated circuit chips or semiconductor devices include
aluminum oxide and beryllium oxide. The glass layers
16 and 24 in these packages may be formed from any
suitable glass material such as an 85% lead oxide—15%
boric acid composition.

It should be recognized that the package shown in the
Figure and the discussion attendant thereto are meant to
be illustrative and are not meant to limit the scope of the
invention. The alloys of the present invention may be
used in conjunction with a wide vanety of package
constructions and materials.

As previously discussed, the lead 18 and the lead
frames in many modern packages are formed from iron
alloys such as Fe—42Ni. The use of these alloys as lead
frame materials has engendered several significant prob-
lems. These problems include: (1) the formation of in-
termetallic compounds at the junctions between the
leads 18 and the lead wires 22, particularly when the
lead wires 22 are formed from aluminum or an alumi-
num alloy; and (2) poor adhesion between the leads 18
and the glass layers 16 and 24. The intermetallic com-
pound problem is significant because it adversely affects
the quality of the wire interconnections. Many semicon-
ductor devices fail because the wire interconnections
become brittle and break. The poor adhesion problem 1s
important because 1t can lead to poor package hermeti-
cally characteristics and breakage of the package. At-
tempts to overcome these problems have included coat-
ing and/or striping the leads 18 of the lead frames with
materials such as aluminum, gold, and alloys thereof. Of
course, coating and/or striping increases the costs asso-
ciated with the manufacture of the package.
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In accordance with the present invention, these prob-
lems are overcome by using for the leads and the lead
frame an iron alloy which exhibits improved resistance
to intermetallic compound formation and/or improved
adhesion to glass sealing materials. Alloys of the present
invention include those having a composition consisting
essentially of from about 30% to about 60% nickel,
from about 0.001% to about 0.15% nitrogen, at least
one element selected from the group consistion of about
1% to about 109 molybdenum and from about, 0.001%
to about 2% aluminum, and the balance essentially iron.
Preferably, the iron: nickel ratio in the alloy 1s in a range
from about 1.1:1 to about 1.6:1.

Nitrogen has been found to be a particularly benefi-
cial addition because it significantly reduces the forma-
tion of undesirable iron-aluminum intermetallic com-
pounds. The molybdenum and aluminum additions are
beneficial in that they improve the glass adhesion prop-
erties and wirebonding performance of the alloys. Mo-
lybdenum is also useful in that it increases the nitrogen
solubility and/or diffusivity in the iron-nickel alloys of
the present invention and is believed to interact with
surface oxides in a way that helps to improve bonding
between the alloys of the present invention and glass
sealing materials.

Particularly useful embodiments include: (a) an alloy
consisting essentially of from about 39% to about 55%
nickel, from about 0.005 % to about 0.05% nitrogen,
from about 1% to about 4% molybdenum and the bal-
ance essentially iron; and (b) an alloy consisting essen-
tially of from about 39% to about 355% nickel, from
about 0.005% to about 0.05% nitrogen, from about
0.3% to about 1.0% aluminum and the balance essen-
tially iron. Alloy (a) is particularly useful when the
material is subjected to temperatures high enough to
form intermetallic compounds. Alloy (b) is particularly
useful when the temperatures are not high enough to
form intermetallic compounds. If desired, an aluminum
addition in the range from about 0.3% to about 1.0%
may be made to alloy (a) to further improve the glass
sealing properties of the alloy.

Metallurgically, the alloys of the present invention
are characterized by a face-centered cubic structure. In
addition, the alloys are single phase alloys.

When molybdenum is to be added to the iron-nickel
alloys and the iron-nickel alloy is t0 be bonded to a pure
aluminum component, the minimum molybdenum con-
tent for the alloy may be defined by using the following
equation:

%Mo Z(86+5—%Ni)/(7.25+1.25) (1)

For certain molybdenum embodiment alloys of the
present invention, it is also possible to determine a mini-
mum nitrogen content for the alloy. For example, alloys
containing nickel in the range from about 39% to about
47% and molybdenum in the range from 1% to about
5.1%, it is preferred to make a minimum nitrogen addi-
tion in accordance with the following equation:

%N =(0.0001) X (341 ~7.5Ni+7.4Mo) (2)

If desired, the alloys of the present invention may also
contain manganese in an effective amount up to about
1.0% and/or magnesium in an effective amount up to
about 0.1%. The manganese and/or magnesium addi-
tions are believed to be particularly useful in reducing
the effects of sulfur impurities during casting.
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For improved intermetallic compound suppression
properties, silicon should not be present in the alloy.
This is because silicon diminishes the effect of the nitro-
gen on intermetallics by combining with the nitrogen to
form silicon nitride. Conventional mill impurities may
be tolerated in the alloys of the present invention but
should be kept at impurity levels.

As used herein, the foregoing alloy composition per-
centages are weight percentages.

The alloys of the present invention may be cast in any
desired manner, including but not limited to Durville
casting, continuous casting and direct chill casting, into
an ingot or strip form. After casting, the alloy may be
hot worked such as by hot rolling and/or cold worked
such as by cold rolling with at least one interanneal.
Preferably, the alloys are cold worked for strength
without prior hot working. When cold worked for
strength, a reduction in the range of about 20% to about
40% 1s taken using standard cold rolling techniques.

The interanneals may be performed in a
96% N2—49%H,; atmosphere at a temperature in the
range of about 800° C. to about 1000° C. for a time in the
range of about 1 hour to about 24 hours. Preferably, the
interanneals are performed in the aforesaid atmosphere
at a temperature in the range of from about 900° C. to
about 975° C. for a time period in the range of from
about 2 hours to about 8 hours. If desired, the interan-
neals may be used to charge the alloy with nitrogen.
Alternatively, the nitrogen addition could be made by
blowing nitrogen gas into a melt containing iron, nickel,
molybdenum and/or aluminum. Any suitable technique

known 1n the art such as using a blowing lance may be
employed to add the nitrogen to the melt. In yet another

alternative approach, the alloy may be charged with
nitrogen by annealing the cast ingot or strip in a cracked
ammonia atmosphere.

After processing, the iron-nickel strip material may
be fabricated into a desired product such as a lead frame
in accordance with any standard fabrication technique
known in the art.

To demonstrate the improvements of the present
invention, the following examples were performed.

EXAMPLE I

To demonstrate the improved resistance to interme-
tallic compound formation possessed by the alloys of
the present invention, a series of alloys having the com-
position shown in Table 1 were prepared. The alloys
were charged with nitrogen by heating the alloys in a

96% N2 —4%H; atmosphere at 950 ° C.
TABLE 1
Ni Mo Al N Fe
Alloy (wt %) (wt %) (wt %) (wt %) (wt %)

A 42 — - 01 bal.
B 42 0.7-6 — — bal.
C 42 2.8-9.1 — 01 bal.
D 41 — 0.7-2.1 01 bal.
E 40 2.5 0.8-1.8 01 bal.

A 2"X4” coupon of each alloy was bonded to an 60

aluminum alloy coupon. The aluminum alloy contained
1.25%S81. Bonding was done using the POSIT-
BOND ®) bonding technique in which the coupons
were subjected to a 50% cold working reduction. The
coupons were mechanically cleaned and degreased

prior to bonding. The bonded coupons were exposed to

500° C. temperatures for 16 hours. The thickness of the
intermetallic compounds formed during this heat treat-
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ment was measured. Table II reports the results of these
measurements.

TABLE 11
Intermetallic Thickness

Alloy - (pm)

A 12

B 11-12

C 2

D 11

E 2

The data in Table Ii shows that the thickness of the
intermetallic compounds formed between the Fe—Ni
and Al—Si components was retarded by the addition of
nitrogen and molybdenum with or without aluminum to
the iron-nickel alloys. This i evidenced by the results
obtained using Alloys S and E.

In order to manufacturers to dispense with using
aluminum-coated or -striped iron-nickel alloy compo-
nents in semiconductor packages, the substitute iron-
nickel alloys should demonstrate equivalent or substan-
tially equivalent glass sealing properties. The following
example illustrates the improvements in glass sealing
properties which can be obtained with the alloys of the
present invention.

EXAMPLE II

A series of iron-nickel alloys having the compositions
shown in Table III were prepared. For comparison
purposes, an aluminum coated Fe—42Ni alloy sample
also was prepared. Coupons of each of the alloys were
bonded to a commercially available aluminum oxide
CERDIP material so as to form a glass-metal-glass
sandwich. Prior to bonding the iron alloy coupons were
degreased.

After bonding the glass-metal-glass sandwiches were
subjected to a standard Torque Test used in conjunction
with integrated circuit packages. In this test, the sam-
ples were twisted until they broke. Table I1I reports the
results of this test.

TABLE III
- Torque Strength (in-1b)

Al-coated Fe—42Ni 74-82
Fe—42Ni—0.0027N | 0

Fe—40Ni—2.8Mo—.0058N > 50
Fe~—41Ni—2.7Mo—0.8A1—.0IN > 30
Fe—42Ni1—0.7A1—.01N >50

As can be seen from Table III, those alloys formed in
accordance with the present invention demonstrated
torque strengths comparable to those achieved by coat-
ing Fe—42Ni with aluminum. Table III also shows that
merely adding nitrogen to Fe—42Ni does not improve
the glass sealing properties of the alloy. The improve-
ments in glass sealing adhesion provided by the alloys of
the present invention is believed to be the result of
obtaining a chemical bond between the glass and metal
instead of the squeeze mechanical type bond found with
prior art materials.

In order to dispense with aluminum coating/striping
of Fe—42Ni lead frames, it 1s also necessary to directly
wire bond aluminum or aluminum alloy lead wires to a
bare alloy lead frame and obtain failure loads compara-
ble to those obtained using the aluminum coated alloys.
The following example illustrates the improvements in
wirebonding obtained with the alloys of the present
invention. |
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EXAMPLE III

A series of iron-nickel substrates having the composi-
tions reported in Table IV were prepared. To simulate
typical wire bonding operations, the substrates were
wire bonded to a 1.25mil wire formed from an
Al--19%Si alloy using a Kulicke & Soffa Model #484-8
wire bonder. All substrates were subjected to an air
frame sink treatment for 8 minutes at a peak tempera-
ture of 493° C. Table IV reports the results of the aver-
age load required to break the connection between the
wire and the various substrates.

TABLE 1V
Average Wire Pull Load
Substrate (gm)
Al-striped Fe-—42Ni 12
Bare Fe—42Ni 9
Fe—40N1—2.8Mo—.01IN 10
Fe—42Ni—0.7A1—.01IN 10

Fe—4INi—2.1A1—.01N 9
Fe—41Ni—2.6Mo0-—-0.45A1—.01IN 12
Fe—42Ni—2.5Mo0—1.8A1—.0IN 10

10

15

20

As can be seen from Table IV, substrates formed 25

from the alloys of the present invention generally exhib-
ited improved wire bonding performance as compared
to bare iron-nickel alloy substrates.

While the alloys of the present invention have partic-
ular utility in electronic and electrical applications, they
also have utility in other applications where increased
resistance to intermetallic compound formation and/or
improved glass adhesion properties are needed. For
example, the alloys of the present invention may be used
in composite structures such as iron-nickel/glass com-
posites and iron-nickel alloy/aluminum or aluminum
alloy composites.

The patents set forth in the specification are intended
to be incorporated by reference herein.

It is apparent that there has been provided in accor-
dance with this invention interdiffusion resistant iron-
nickel alloys having improved glass sealing which fully
satisfy the objects, means, and advantages set forth
hereinbefore. While the invention has been described in
combination with specific embodiments thereof, it is
evident that many alternatives, modifications, and vari-
ations will be apparent to those skilled int he art in light
of the foregoing description. Accordingly, it is intended
to embrace all such alternatives modifications, and vari-
ations as fall within the spirit and broad scope of the
appended claims.

What is claimed:

1. A silicon free iron-nickel alloy for use in electrical
and electronic applications having improved resistance
to intermetallic compound formation, said alloy consist-
ing essentially of from about 30% to about 60% nickel,
from about 0.005% to about 0.15% nitrogen, at least
one element selected from the group consisting of from
about 1% to about 105 molybdenum and from about
0.001% to about 2% aluminum, and the balance iron.

2. The alloy of claim 1 wherein said at least one ele-
ment comprises molybdenum, said molybdenum in-
creasing the nitrogen solubility and/or diffusivity of the
alloy and being present in an amount in accordance
with the following equation:
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3. The alloy of claim 1 wherein said at least one ele-
ment consists of from about 1% to about 49% molybde-
num.

4. The alloy of claim 1 further comprising:

said alloy having a single phase.

5. The alloy of claim 1 further comprising:

said alloy having a face centered cubic metallurgical

- structure.

6. The alloy of claim 1 further consisting essentially
of said nitrogen being present in an amount from about
0.005% to about 0.05%.

7. The alloy of claim 1 wherein the ratio of iron to
nickel in said alloy is in the range of about 1.1:1 to about
1.6:1.

8. The alloy of claim 1 further consisting essentially
of at least one additional element selected from the
group consisting of from an effective amount up to
about 1.05 manganese and from an effective amount up
to about 0.1% magnesium for reducing the effects of
sulfur impurities during casting.

9. The alloy of claim 3 further consisting essentially
of said nitrogen being present in an amount from about
0.005% to about 0.05%.

10. A silicon free iron-nickel alloy for use in electrical
and electronic applications having improved resistance
to intermetallic compound formation, said alloy consist-
ing essentially of from about 30% to about 60% nickel,
from about 0.005% to about 0.15% nitrogen, from
about 0.39% to about 1.05 aluminum, and the balance
iron.

11. A silicon free iron-nickel alloy for use in electrical
and electronic applications having improved resistance
to intermetallic compound formation, said alloy consist-
ing essentially of from about 30% to about 60% nickel,
from about 0.005% to about 0.15% nitrogen, from
about 1% to about 4% molybdenum, from about 0.3%
to about 1.0% aluminum, and the balance iron.

12. The alloy of claim 11 further consisting essentially
of:

the ratio of iron to nickel in said alloy being in the

range of about 1.1:1 to about 1.6:1.

13. The alloy of claim 11 further consisting essentially
of at least one additional element selected from the
group consisting of from an effective amount up to
about 1.0% manganese and from an effective amount up
to about 0.1% magnesium for reducing the effects of
sulfur impurities during casting.

14. The alloy of claim 10 further consisting essentially
of:

said nitrogen being present in an amount from about

0.005% to about 0.5%. |

15. The alloy of claim 14 further consisting essentially
of: | |

the ratio of iron to nickel in said alloy being in the

range of from about 1.1:1 to about 1.6:1.

16. The alloy claim 1 further consisting essentially of
said nickel being present in an amount from about 39%
to about 55%.

17. The alloy of claim 1 wherein said alloy consists
essentially of from about 395 to about 47% nickel, from
about 1% to about 5.1% molybdenum and an amount of
nitrogen in accordance with the following equation:

18. The alloy of claim 1 further consisting essentially
of said nitrogen being present in an amount from about
0.01% to about 0.15%.

19. A lead frame comprising the alloy of claim 1.
® X X %X X
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is hereby corrected as shown below:

line 25, after 'bond", delete "adhesive' and insert

——adhesion--.
line 42, after "to about", delete "1.05" and insert

"""—1 . 0%""_ »
line 51, after "similar'", delete ''component sin" and insert

——components in——.
line 60, after "die", delete '"attache" and insert

——attach——.
line 30, after "wire', delete "interconnects" and insert

——interconnections——.
line 48, after "the'", delete 'lead" and insert —-leads-—-.
line 9, after '"group", delete '"consistion" and insert

——consisting—-.

line 10, after "from about', delete ",".

line 64, after "a", delete "50%" and insert ——60%——.

line 12, after "Table'", delete "Ii", and insert ——II-—-—.

l1ine 16, after "This', delete "i'" and insert —-—is—-.

line 17, after "Alloys", delete "S" and insert ——(C--.

line 18, after "order", delete 'to" and insert —-for—-.

line 48, after '"skilled", delete "int he" and insert
—1in the-—-—.

Claim 1, line 7, after "about', delete "105 and insert
—10%—.

Claim 2, line 5, after "equation:", please insert the

omitted equation as follows:

——% Mo > (86 + 5 — ZNi)/(7.25 + 1.25)—.
Claim 8, line 4, after "about", delete "1.05" and insert

—1.0%—.
Claim 10, line 6, after 'to about', delete "1.05" and

insert —--1.0%—.
Claim 12, line 4, after '"of", insert —-from—-.
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